The aim of this study was to estimate the incidence of chronic and other knee pain (KP) in relation to occupational and personal risk factors among workers representative of a general working population. Methods: Of 3710 workers in a French region included in a surveillance network for musculoskeletal disorders (2002-2005), 2332 completed a follow-up questionnaire in 2007-2009 (Cosali cohort). The questionnaires included questions on musculoskeletal symptoms, and personal and occupational exposure. Incident cases of KP in 2007-2009 (i.e. with KP at follow-up but not at baseline) were dichotomized into chronic KP (>30 days in the previous year) and other KP. Associations between incident KP and personal and occupational factors at baseline were studied separately according to sex using multinomial logistic regression. Results: Of the 1616 respondents without KP at baseline, 122 (7.5%) reported chronic KP and 243 (15.0%) reported other KP. The incidence rate of chronic KP was estimated at 19.6 per 1000 workeryears (95% CI: 16.3-23.5). After adjustment for age and body mass index, significant associations were found between incident chronic KP and handling loads >4 kg [odds ratio (OR) 2.1 (1.2-3.6) for men, OR 2.3 (1.1-5.0) for women] and kneeling >2 h a day for men [OR 1.8 (1.0-3.0)]. Conclusions: This study highlights the high frequency of chronic KP in the working population and the role of occupational factors in its incidence, in particular those kneeling and handling loads.
in newly employed workers and has been reported to range from 30 to 100 per 1000 person-years (Miranda et al., 2002; Jones et al., 2007; Ingham et al., 2011; Andersen et al., 2013) . These studies involved specific populations with manual occupations, for example firefighters, shipbuilders, workers in the forest industry and in healthcare (Miranda et al., 2002; Jones et al., 2007; Andersen et al., 2013) , and people >40 years of age (Ingham et al., 2011) .
Traditionally, knee osteoarthritis and radiographic criteria were the gold standard to study knee disorders. However, radiographic evidence of knee osteoarthritis is not strongly correlated with clinical knee symptoms (Peat et al., 2001; Bedson and Croft, 2008) . Focusing on KP would be equivalent to considering a wide range of diagnoses, such as knee osteoarthritis, knee injuries, knee bursitis and referred pain, but KP is an important determinant of functional impairment and better than radiographic criteria of osteoarthritis (McAlindon et al., 1993; Breivik et al., 2006; Agaliotis et al., 2014) . KP may also predispose to knee osteoarthritis. Some studies have classified KP as chronic or severe (>30 days or >3 months or highly intense pain during the previous year), and sub-chronic or moderate (1-29 days or low intensity pain during the previous year) in order to distinguish between different types of pain (Miranda et al., 2002; Picavet and Schouten, 2003; Andersen et al., 2012; Descatha et al., 2012) .
KP is associated with personal risk factors such as increasing age and body mass index (BMI) ( Jiang et al., 2012) . The relationships between KP or knee osteoarthritis and occupational exposure have been extensively reviewed ( Jensen, 2008; McWilliams et al., 2011; Palmer, 2012; Ezzat and Li, 2014) . Recent reviews based on cross-sectional and cohort studies concluded that there is limited to moderate evidence of a relationship between KP or knee osteoarthritis and occupational activities such as kneeling, squatting, and lifting, with weaker evidence for women than for men. Climbing stairs and standing have also been considered to be risk factors for KP in some cross-sectional studies, but the results have been inconsistent. According to several authors, more prospective studies with a wide range of occupational groups (including occupational groups with low levels of exposure) are needed to improve the evidence of the effects of occupational exposure on KP ( Jensen, 2008; McWilliams et al., 2011) . Moreover, there has been no recent prospective cohort study on KP in the general working population ( Jensen, 2008; Fransen et al., 2011; Ezzat and Li, 2014) .
The aim of this study was to assess the incidence of KP and the associated occupational biomechanical risk factors in a large sample of workers exposed to various levels of occupational biomechanical exposure.
M ETHODS

Study
This prospective study was based on two successive surveys of a large sample of workers in the Loire Valley area of West Central France, the Cosali cohort [Cohorte des Salariés Ligériens (Bodin et al., 2012) ]. The diversity of the regional economic structure (5.6% of the French workforce) is very similar to the national workforce (Roquelaure et al., 2006) .
All French employees, including temporary and part-time workers, undergo a mandatory annual health examination by a qualified occupational physician (OP) in charge of the medical surveillance of a group of companies. Subjects were randomly selected from workers undergoing one of these regularly scheduled mandatory annual health examinations with one of the 83 OPs who volunteered for the study between April 2002 and April 2005. Subjects filled in selfadministered questionnaires before the OP's physical examination [Surveillance network of musculoskeletal disorders (Ha et al., 2009)] .
A follow-up questionnaire was sent to participants in 2007 (Bodin et al., 2012) . In the case of nonresponse, two successive reminder letters were sent. The responses to the follow-up questionnaire were collected between 2007 and 2009.
All participants signed a written informed consent form and the study was approved by the local Ethics Committee and the French National Data Protection Committee (CNIL, Commission Nationale de l'Informatique et des Libertés).
Outcome
Participants completed the standardized Nordic questionnaire for several musculoskeletal pain symptoms including KP (Kuorinka et al., 1987) . Three groups of KP were defined: no pain during the preceding year, chronic pain (at least 30 days during the preceding year) and other pain (1-30 days during the preceding year or only during the preceding week). The incident cases were those who reported KP (chronic or other) in the follow-up (2007-2009) and did not report KP at baseline (2002) (2003) (2004) (2005) .
Risk factors
Personal and occupational factors were assessed by the baseline questionnaire.
Among personal factors, age and BMI were assessed. Age at baseline was dichotomized into 45 years and over versus less than 45 years of age. BMI at baseline was divided into four classes: underweight (<18.5 kg m -2 ), normal weight (18.5-25 kg m -2 ), overweight (25-30 kg m -2 ), and obese (>30 kg m -2 ). The socio-occupational groups were reported at baseline and were available in five categories: executives, white-collar workers, higher grade blue-collar workers, lower grade blue-collar workers, and missing information. The missing category was combined with the executive category in the analyses. The response categories for occupational exposure were initially presented on a 4-point Likert-type scale, as follows: never or almost never, rarely (<2 h a day), often (2-4 h a day) and always (>4 h a day). Levels of occupational exposure were dichotomized for reasons of statistical power.
This study focused on biomechanical risk factors for KP or knee osteoarthritis identified in the literature: handling of loads (>4 kg), kneeling, and standing (Coggon et al., 2000; Lau et al., 2000; Sandmark et al., 2000; Jones et al., 2007; Ingham et al., 2011; Descatha et al., 2012; Jensen et al., 2012) . Handling of loads and kneeling were dichotomized into >2 h a day versus <2 h a day. Sitting for <4 h a day was considered as a proxy for standing or walking. The Borg Rating of Perceived Exertion Scale, ranging from 6 to 20 and dichotomized into less than hard exertion (6-13) and hard exertion to exhaustion (14-20), was used as a proxy for high physical workload (Borg, 1998) .
The baseline questionnaire also investigated other musculoskeletal pain symptoms (fingers, hands, elbows, shoulders, neck, upper back, lower back, hips, and ankles). A composite variable called 'pain in other areas' focusing on pain in joints in the body other than the knees was defined by pain experienced (chronic or other with the same definition as KP) in at least one of the nine areas considered.
Statistical analyses
In this study, workers who were underweight (BMI < 18.5 kg m -2 ) were excluded from the analyses because this may correspond to a variety of medical conditions such as anorexia or chronic respiratory disease (Flegal et al., 2007) . Only workers who did not report KP at baseline (between 2002 and 2005) were taken into account in this study, which was designed to investigate the incidence of KP (Figure 1 ). Workers lost to follow-up (nonrespondents) were compared with those with follow-up (respondents) according to the risk factors and pain at baseline. Nonrespondents were excluded from the subsequent analyses.
The incidence of KP is calculated from the number of new cases of KP occurring during a given time period divided by the population at risk during the same time period. In this study, the number of new cases was estimated by the number of new cases of KP reported in the follow-up questionnaires and the population at risk was represented by the total length of follow-up for all participants. The incidence of KP was therefore evaluated assuming two hypotheses: (i) no case of transient KP had occurred before the baseline questionnaire and (ii) all KP occurring between the baseline and the follow-up questionnaires was declared at follow-up by participants. The exact confidence intervals were computed. 
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The main analyses consisted of evaluating associations between risk factors measured at baseline and the incidence of KP. The univariate and multivariate multinomial logistic models were used to estimate the odds ratios (ORs) of incidence of chronic or other KP versus no KP at follow up. Equality between ORs for chronic KP versus no KP and ORs for other KP versus no KP was tested by Wald tests.
Analyses were performed separately for men and women and the variables included in the multivariate model were identical for men and women. The multivariate model was selected a priori and included personal risk factors (age, BMI) and occupational biomechanical factors known to be or suspected of being risk factors for KP (kneeling, handling of loads, and standing). The perceived exertion was not included in the multivariate analysis because we consider it to be an intermediate variable between specific occupational factors and KP. Attributable risks in exposed subjects were calculated for significant occupational exposure based on adjusted odds-ratios (Steenland and Armstrong, 2006) . A supplementary model included the previous factors and the pain in other areas.
The multiplicative interactions between kneeling and handling loads, between kneeling and BMI, and between handling loads and BMI were tested with Wald tests.
Data analyses for this study were generated with SAS 9.4 software (SAS Institute Inc., Cary, NC, USA). Statistical significance was defined as a P value lower than 0.05. Respondents were more frequently over 45 years of age and more often suffered from pain in other areas (Table 1) . Among men, respondents were more frequently executives and less exposed to standing/ walking (i.e. not sitting). Follow-up was not associated with BMI or most of the occupational factors in the study (kneeling, handling loads, and high perceived exertion).
R E SULTS
Study population
On the 1616 respondents without KP at baseline, 122 (7.5%) reported chronic KP and 243 (15.0%) reported other KP during follow-up. Around 10.3% of workers aged over 45 years reported chronic KP (10.3% of men and 10.3% of women) compared to 5.6% of women and 6.3% of men <45 years of age. Around 9.3% of workers exposed to high perceived exertion reported chronic KP compared to 5.8% of women and 6.1% of men with low perceived exertion. Around 14.7% of women workers exposed to handling loads reported chronic KP at follow-up compared to 6.4% if not exposed. Around 13.1% of male workers exposed to handling loads reported chronic KP at follow-up versus 6.4% if not exposed.
Incidence of KP
The mean period between the questionnaires was 3.8 years (3.9 years for men and 3.7 for women). The incidence rate of any kind of KP (chronic and other KP, i.e. >1 day in the previous year) was estimated at 58.8 (95% CI: 52.9-65.1) per 1000 workeryears, 57.3 (95% CI: 49.8-65.7) for men, and 60.8 (95% CI: 51.7-71.0) for women. The incidence rate of chronic KP was estimated at 19.6 (95% CI: 16.3-23.5) for 1000 worker-years, 19.8 (95% CI: 15.4-24.9) for men and 19.5 (95% CI: 14.5-25.6) for women.
Exposure according to socio-occupational groups A total of 30.3% lower grade male blue collar workers and 32.6% higher grade male blue collar workers were exposed to handling loads >4 kg, compared to 5.5% of male executives. Similarly, a total of 27.4% lower grade female blue collar workers and 20.4% higher grade female blue collar workers were exposed to handling loads >4 kg, compared to 3.3% of female executives. Similar percentages were found for exposure to kneeling: 25.3% lower grade male blue collar workers and 37.1% higher grade male blue collar workers were exposed to kneeling, compared to 14.8% of male executives, and 25.7% lower grade female blue collar workers and 29.6% higher grade female blue collar workers exposed compared to 15.9% of female executives. The BMI distribution was similar between socio-occupational groups in men (around 36.6% overweight and 7.1% obese subjects).The prevalence of obesity in women was higher for lower grade blue collar workers (14.2%) and for higher grade blue collar workers 
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(16.7%) than for employees (8.0%) and executives (3.8%).
Risk factors for incidence
The personal risk factors studied (age and BMI) were significantly associated with incidence of chronic KP in women but not in men (Tables 2 and 3 ). Age and BMI were more strongly associated with chronic KP than with other KP in women.
Chronic KP was significantly associated with the lower socio-occupational group only for women. High physical exertion and handling loads >4 kg significantly increased the risk of chronic KP for both sexes. The ORs of handling loads were significantly higher for chronic KP than for other KP for women. Kneeling was significantly associated with chronic and other KP in men but not in women. Standing/walking (i.e. sitting for <4 h a day) was significantly associated with incident other KP but not with chronic KP in men.
After adjustment for age and BMI (Tables 4 and 5 ), handling loads of >4 kg and kneeling were significantly associated with chronic KP in men (only handling loads of >4 kg in women). There was no multiplicative interaction between kneeling and handling loads (P = 0.73 for men, P = 0.37 for women) or between handling loads and BMI (P = 0.98 for men, P = 0.79 for women) or between kneeling and BMI (P = 0.69 for men, P = 0.18 for women).
Pain in other areas at baseline in men was strongly associated with chronic and other incident KP in univariate but not in multivariate analysis (results not shown). Pain in other areas at baseline in women was not significantly associated with incident KP in univariate or multivariate analyses (results not shown).
Attributable fractions in exposed workers
The fraction of chronic KP attributable to exposure to handling loads in exposed subjects was 54.1% for men and 58.5% for women. The fraction of chronic KP attributable to exposure to kneeling in exposed subjects was 45.5% for men (36.3% for other KP). The fraction of other KP attributable to exposure to standing/walking (i.e. not sitting) was 35.0% for men.
DISCUSS ION
The incidence of KP in this large, representative French workforce population was estimated at 57 cases per 1000 worker-years for men and 61 cases per 1000 for women with a definition of at least 1 day of pain in the previous year. The incidence of chronic KP (at least 30 days in the previous year) was estimated at 20 cases per 1000 worker-years for men and 19 cases per 1000 for women. In view of the mean duration of follow-up of 3.8 years, we could not exclude the possibility that the definition of 'incident cases', i.e. declaration of new cases of KP in the preceding year, might not reflect the exact incidence. Indeed, the two-phase design did not allow the assessment of possible fluctuation of the KP condition: for example KP could have occurred before the baseline questionnaire or between the baseline and the follow-up questionnaire or in higher numbers in the lost-to-follow-up group. However, the main baseline characteristics of respondents and nonrespondents were similar (except for age and other joint pain). This does not exclude selection effects (overrepresentation of workers both free from KP at baseline and exposed over many years in the past). This could lead to under-estimation of the incidence rates. The incidence also could have been underestimated if KP had occurred and recovered between the two questionnaires or overestimated if an initial episode of KP had occurred before the baseline questionnaire. Moreover, we could also not exclude the possibility of misclassification due to the measurement of KP: some workers may have not declared KP in the questionnaire and others may have overestimated their symptoms, possibly in relation to their own perception of pain. Previous studies on the incidence of KP were performed with various study designs: retrospective declarations over 12 years (Ingham et al., 2011) , prospective declarations each year for 2 years ( Jones et al., 2007) or 1 year (Miranda et al., 2002) , two prospective declarations separated by 10 years (Descatha et al., 2012) . For example, with a similar study design, Miranda et al. reported an incidence of 100 cases per 1000 worker-years with at least 8 days of KP in the previous year, and 30 cases per 1000 worker-years with at least 30 days of KP in the previous year among workers in the forestry industry (Miranda et al., 2002) . In our study, the incidence was lower than in this earlier study, which was to be expected given the range of levels of exposure in this large population exposed to various levels of occupational biomechanical exposure (e.g. 50% with low perceived exertion). The incidence of KP was also similar between men and women, in contrast to previous studies. More than 2 h a day.
c Sitting <4 h a day. More than 2 h a day.
c Sitting <4 h a day. Table 3 .
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Our study focused on KP and not on specific diagnoses. Although a specific diagnosis is needed for treatment at the individual level, primary prevention in occupational health focuses mainly on preventing pain and disability among workers. Indeed, KP is an important determinant of later knee osteoarthritis and disability (McAlindon et al., 1993; Peat et al., 2001) . Since knee osteoarthritis is the main cause of KP after 55 years of age (increasing with age), a nonnegligible proportion of cases of chronic KP in our study were probably related to knee osteoarthritis, in view of the median age of our sample (40 years at baseline). However, there can be many other types of KP (injuries, for example) because most workers with KP will not develop osteoarthritis (Peat et al., 2001) . The proportion of knee osteoarthritis among workers with incident KP could be not evaluated in this study because information on the origin of KP was not available. Nevertheless, our results on chronic KP in this large longitudinal study with a wide range of types of exposure agree with the results from previous studies on KP and osteoarthritis ( Jensen, 2008; McWilliams et al., 2011) .
As in previous studies on knee osteoarthritis or KP, age was associated with an increase in the incidence of KP. Obesity and being overweight were strongly associated with the incidence of chronic KP in women but not in men. Earlier studies established that BMI is a risk factor for KP and osteoarthritis in both sexes but with a stronger association in women ( Jiang et al., 2012) . The prevalence of obesity is lower in France than in other countries (12% in France in 2003, 8% in this study population; Diouf et al., 2010 32% (Ogden et al., 2006) . The associations between obesity and KP are therefore more difficult to examine in this study. Obesity and being overweight also have an effect throughout life and not only during working time. Indeed, the age at assessment (around 40 years) is questionable, knowing that measurement of BMI is more predictive of knee osteoarthritis when it is measured at 18 years ( Jiang et al., 2011) . The differences in relationships between KP and BMI according to sex in this study might be related by the confounding factor 'previous knee injuries' (not measured in this study) particularly for men: men of normal weight are expected to take part in more sport involving the knees (soccer, basketball, etc.) than obese men, leading to more previous episodes of knee injury. This effect might less significant in women.
In this population, standing/walking (i.e. not sitting) was not significantly associated with the incidence of chronic KP in men and women, in contrast to some previous case-control and crosssectional studies (Sandmark et al., 2000; Allen et al., 2010) . Standing/walking was significantly associated with the incidence of other KP in men (with an attributable fraction of 35.0%) and significant at a 10% level in women. Certain previous studies on knee osteoarthritis found no significant association with highly intense pain, and one study found a protective effect (Coggon et al., 2000; Manninen et al., 2002) . The definition of 'standing/walking' was questionable in this study and does not allow precise conclusion on the effects of standing on KP. More than 2 h a day.
c Sitting <4 h a day.
